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BACTERIA AND THE MAXUFAC rrRE OF HEACK 
TEA 

A RKPORT ON RKSl'UTS (>BTA1XK1> W Tu THF KND o]- 


Fork WORD 


The great emphasis laid* in the past few vears, on the 
medical aspects of bacteriology lias lead to a widespread idea that 
all bacteria are harmful to human life. 'Phis is far from being 
true, — many species being dirt-etly or indiiAvtly indisiK-nsible in 
liuman economy. 

Failure to distinguish Ix'twecu palliogvine baelei'ivi, which 
cause diseases of animals and i)lams, aiul sajjrojdiyiic species 
which can only attack dead fi.ssues or chemical sipostances is res- 
|Hmsible for this false impression. 

The bacteria dealt with in this memorandum belong to tlte 
saprophytic group, and although some species are nmlesirable 
in the factory, their presence will not necessarily render llie tc-a 
unfit for human consumption, although it may lower its market 
value, in extreme cases even to the |)oiiit of making it unsaleable. 

Bacteria, considered from tiic aspect of their efTect oii organic 
materials, are highly complicated organisms, and in tea manufac- 
ture their action on a complicated inolecule- that of tannin — is 
being studied. The question of their elfcet on tea protein and 
non-tans is as yet untouched, and the whole subject ])rcsent.s 
many difficulties in study. This work is still in its infancy and 
man}’ anomalous facts have emerged, ^is for example the rival 
claims of cement, glass, metal and cloth as a fermenting surface. 
Much work remains to be done before all the facts arc obtained 
and methods evolved for the control of baclena under all circum- 
stances. 

The object of this memorandum is therefore to call attention 
to several facts which are frequently o\erlo(.)ked, rather than to 
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serve as a guide to bacterial control niethods. It is not intended 
as a scientific exposition of the subject^ and many results of a 
purely scientific nature are omitted. 

It will be shown that bacteria are always present on tea leaf, 
and the conditions will be indicated under which bacterial num- 
bers may assume excessixe proportions. Control methods which 
have proxed satisfactory on a number of gardens will be discussed, 
but it cannot be too strongly eiirpluisised tliat such methods mav 
require modification to suit individual cases, and that their appli- 
cation in the factory should be carried out in closest co-operation 
with the Scientific Department. 

To one unaccustomed to dealing with bacteria, it seems 
inconceivable that a single bacterium may dex^elop into 
i 6 , 000,000 in the spjice of 12 hours, yet failure to grasp this 
point has in some instances, undoubtedly led to lack of success 
with control nietlKKls in the past. 

It is now generally thought in scientific quarters that the 
fermentation or oxidation of lea leaf during manufacture is 
brought about by the enzymes of the leaf, and not by micro-or- 
ganisms. Ivarly xvorkers liaxe stated that bacteria on the leaf in- 
crease during withering and manufacture, and that these organ- 
isms may play some part in fermentation, but the theory ^hat 
fermentation is caused by such organisms was abandoned before 
the commencement of the present century. In non-scientific 
circles, there has remained a lingering idea that certain bacteria 
assist in fermentation, but at the .same time it is recognised that 
taints may be caused by dirty fermenting doors. The possibility 
of the introduction of bacteria during other stages of manufacture 
has been generally overlooked in North-East India. 

An intensive study of the whole question was therefore taken 
up some three years ago. New light has been thrown on certain 
defects of finished tea, the origin of which was previously obscure. 

(Note : — In this memorandum, figures are employed to de- 
note specific gardens, since it is contrary to the policy of the 
Department to disclose the name of gardens in publications. A 
record of the gardens so referred .to is kept at Tocklai.) ^ 



SECTION I 

The Occurrence ov Bacteria on 'I'ea Leaf and Their 
Si'BSKguKNT Dk\ ei.opment 

Several references to bacteria occur in the literature ott tea. 
Among these may be mentioned tlie work of Barnlx^r in Cevlon, 
and Mann in Assam. In I 9 i 0 ja\a workers isolatetl several differ- 
ent species of bacteria and three of these are desi^ilied in a puhlica- 
tion of that year. In general however, investigations on this line 
have been somewhat desultory and little attempt has Ixtu made 
to deal with the subject fully. 

. At the commencement of t lie research sclicmo in this Depart- 
ment it was observed that large luimljers of Iwcteria are always 
present on the fresh green s1io(H, and the term “Tea l)actena’' 
was applied to these organisms, all of which apjXMr to Ixi new 
species. They develop slowlv (m culture media, ])r<xiuciug 
yellow, orange and pink ctdonies. It is not ])n>|)()sed to give a 
description of tlie tea bacteria in this memoraudum, but some 
notes on their (vcurrence and ])ro|K‘rties are gi\eu Ixlow. 


TAftLI 1. DKTRISUTION OF TM BACTUIA ON THI SHOOT 


1 

Origin. 1 

' NimiiIht (d' i»; 

votuia jM'r gruni < 




n. 


Bud.... 


.H.ooo.ono 

co.^oiEOno 

U leaf 

14.000,000 ■ 

7 ,:ioi),ooo ; 


!2nd leaf 

.">,100,000 

i 

2.450,oon 

i 

1.27n,OOo 


The discovery of the Tea bacteria thus sliowed that the pluck- 
ing shoot is literallv covered with a thin tilin of bacteria. 1 he 
distribution is interesting since the greater numbers are found on 
the finer portions of the shoot. 

The fact that these bacteria are always present on fresh leaf 
forces to assume that their presence is not detrimental to 
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quality, as at present understood. The' group as a whole Is very 
inactive^ both in rate of growth and in its attack on nitrogenous 
substances and on sugars. Unpleasant odours have not been 
detected in cultures of these micro-organisms. 

The degree of development is very variable. Not only do 
the total numbers differ on individual shoots, but the numbers of 
the different s[)ecies also show wide variations. 

THK ‘‘F0RKI(;\'’ bactkria 

When samples of fermenting leaf and scrapings from floors 
and machinery in factories were examined a totally different bac- 
terial flora was revealed. The Tea bacteria seldom developed, 
but very large numbers of rapid growing biicteria were found. 
These bacteria were assumed to hav e arisen as a result of infection 
from impure water supplies, material brought in accidentally by 
the factory labour, and from other external factors, and were 
therefore termed “Foreign” bacteria since they were not regard- 
ed as normal inhabitants of the tea shoot. 

(Note ; — In the remainder of this re|x>rt the word “bacteria” 
will l>e taken as referring to the Foreign bacteria, unless Tea bac- 
teria are specifically stated.) 

Tile “Foreign” bacteria develop rapidly on lentil or beef 
extract media, and it ap|)ears probable that the organi.sms report- 
ed by earlier workers were confined to this group. Colourless 
u>Ionies are obtained, and frequently strong odours are produced 
by the bacteria in pure culture, resembling sour milk, malt, stale 
fish, mice, etc. Only one pigmeut-forniing sjiecies lias been 
i.solated to date, viz., a minute yellow bacterium, which gives a 
pronounced “earthy” odour in culture, ind the evidence points 
to tlie fact that this organism can be res]X)usible for earthy 
taints in tea. 

THt occuKfttNCt or “ roikMH " bactcru on thb Snoot 

It has now been established that some of the so-called 
‘Foreign” bacteria are a normal constituent of the tea shoot, al- 
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though ordinarily present in numbers insufficient to be of ixmse- 
quence in manufacture. At the bcginniiv^ of the season the num- 
bers may vary from nil to 50, (xx) per .lirain of leaf; higher hi^ures 
are frequently found in mid-season. The cause <\\ this variatitm 
is not understood. 

The distribution of the “Foreign" bacteria on the slux^t is 
similar to that of the Tea bacteria, most htdii.c found on the bud. 


TMLI 2. DlSTftlBUTlON or *' FOREtON ' OAOTERIA ON THE SnOOT 


Origin. 1 

1 

! 

‘ Numherf* of 

liiioterift (KT gniMi of 

nmlrriid. 


1 1 

1 

IV 


Huti... 

^^J/)0,oon 

4,t;(M).liliil 

3,000,000 

lit leaf 

4(u;,ouo 


iJO.OOO 

2n(l leaf 

154, (KH) 

J 00.000 

2,7»;o 


Counts varying between nil and 2 ,(kx),(xxj haeteria 0!i indi’ 
vidual shoots have been recorded, hut llic average usually works 
out between 5,000 and 2(X),cx:xj per gram of leaf. In the 1931 
second flush teas made on garden 6, the total bacterial cotmt 
was maintained at or below 5u,0(X> jx-r gram by careful stqxM- 
vision, and these teas obtained high price.s on the Ivoiidon 
market. 

The rapidity of growth of the '‘Foreign" species accounts for 
their preponderance in the factory. When juice has been ex- 
pressed during rolling, the development of tlie.se bacteria is ex- 
tremely rapid and the Tea bacteria arc unable to compete for the 
available food. Tea bacteria are rarely found in material from 
factories, except at the beginning and end of the season, and in 
high-elevation gardens. 
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DKVKIOPMKNT OP BACTERIA DT’CTNG XfANUFACTURE 

• - t. 

It will be seen that fresh leaf carries to the factory a con- 
siderable number of bacteria, most of which appear to have little, 
if any, effect on feniientinj^ leaf, while the more active species arc 
present in relatively small numbers at this staj2;e. The possibi- 
lity of development during withering, rolling and fermentation 
has now to be considered. 

The extreme rapidity of bacterial development is not always 
recognised, and the dangers of uncontrolled infection are fre- 
quently overlooked. The process of reproduction is of marked 
simplicity, the bacterial cell simply incre a.sing in size and even- 
tually dividing into two similar cells. Under favourable condi- 
tions of moisture, temperature, and frxxl suply, this process 
may take place in half-an-hoiir. The two cells so formed pass 
through the same prcx:ess, four cells being formed by the end of 
the next half hour. The rate of reprodxiction continues, in this 
manner until the food supply is reduced, <ir until the substances 
produced bv the bacteria have accumulated in sufficient umouht 
to check further development. Thus a single bacterium allowed 
to develop for 12 hours could give rise to some 16,000,000 
bacteria, or to 64,ooo,ooo.ooo,o(x^ bacteria in 24 hours. There 
is tlierefore ample t/mc for a considerable bacterial development 
to take place during the normal withering period of 18 hours or 
during a fermenting period of four hours, counting from the start 
of rolling. 

Research cotiducted over the past year has shown, however, 
that under favourable manufacturing conditions, the actual 
development of bacteria within the mass of leaf is insignificant. 

BACTKRI.M, CHAXGKS DURING WlTHKRING 

A. THC normal WiTHeR 

The leaf does not appear to pick up bacteria from the chungs 
or racks on which it is spread. Even old he^ian in a deca\»cd 
state does not appear to affect the leaf when surface water is 
absent. 
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Lcdf on ^urdfii 6 spread oji .jiid uki hcssiiin, the 
biicterial count beinjr taken after witiierin,!^. The results were : 

New hessian : 2.\,iXK) bacteria per -raiu of leaf. 

Old hessian : ^o.ixx) 

The difference between these liyures is within the limit 
sampling error. On tlie other hand r>n -arden vi, a iieculiar 
‘ corky** taint was frequently re])orled, and thv faets jxjiiited to 
this being acquired tlirongl] witheriipe ^he leaf on deca\'ed bam lx 
trays. Eleven cx[>ennienls were run with leaf u itluavd on iIksc 
trays and on wire, and in each case a corky taint was <letivted on 
the former samples, those withered on wire beiiiv^ free from the 
taint. The discarding of the decayed trays has coincided with 
the disappearance of the taint from teas of the garden. 

When dry leaf i.s witliered there is no aiqiivciable inctea.se 
in the numbers of the bacteria originally present on the leaf, 

TABL£ 3. bacterial CHANOBS during WITHBRINC of DRV leaf 


l*ii<‘lt!ria [M*r gram ul li-ai. 


Boforo withering 

j 

ih'bsoo 

Aftor 2-t lioLirs 

_::i 

.'hyodd 


B, the WirWERING Of WBT LEA^ 

When leaf is brouglil into the fachn y wet ouiiig to rain, 
conditions become more faionrable to liacterial deveh>]mK-nt. 
Moisture, which is one of the vital requirements, is prov ided , and 
if there is sufficient ‘'food*' in tiic form ot sugars, etc., secreted 
on the surface of the leaf, an increase in numbers is to lx* ex- 
pected. The additional effect of heating in tlie plucking baskets 
has not yet been investigated. 

When the leaf is spread on the withering racks or chungs, 

the excess moisture may dry oft rapidly, unles.s the atmo.qdieie 
is saturated. The effect of such conditions is shown in Table 4 . 
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Tasle 4. bacteaial dcvclopment in wet leaf ALUOWEO To DftV 
DumNo Withering 


Duration of 


I«4ct»Tia jUT ‘'ruin of 



A. 

■''amjilH P. 

Sturt ... ... 

aa.Ouo 

18,000 

liuur- 


iM:>0,ui)u 

48 liouri* 

1 41(1 Otin 

i,yau 000 


i 


111 suinple B the surface moisture dried olT more slowly owini' 
to the hi<^di humidity of the air, and tlu* greater increase in this 
samj)Ie may be attributed to this fact. 

With the tyi^e (jf rainfall mora common in the Brahmaputra 
Valley, rfc., rain storms alternating with dry |x;riods, the in- 
crease of bacteria during the withering of wet leaf may not be 
a serious factor, pro\ ided that the free water es ajiurates trom the 
surface of the leaf in I'ea son able time. Districts less fortunately 
situated cliiUaticalU’, sueh as parts of the Dooars where rain falls 
couLinuouslv for se\eral da vs at a time, are exposed to a greater 
risk of infection as may lie seen from the hgures in Table 5, deal- 
ing with the increase of bacteria in leaf which remains wet during 
the withering period. 


TABLE 5. bacterial DEVELOPMENT IN WET LEAF, REMAINING WET 

during the Period of Wither 


Dunition ut 
wither. 

A. 

It. 

c. 

D. 

Start 

7,100 

i 1 8,000 

.“.i>,0U0 ' 

18,000 

>^.4 iumi'S ..4 

1 .’•.tIOO.OOO 

G,.jOO,Ooo 

14,000, ('00 ! 

80,00' sOOO 

48 houri^ ... 

47.0U(hOOO 

UG.OOO.oUU 

j 

40,000, <'00 ' 

62,000,000 


It will be seen that under these conditions a high degree of 
bacterial development can take place. On some gardens with 
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/idequate withering space, leaf is sometimes kept on tlio chniigs 
for longer than the normal hours wither, in an eiuieaxour 

to obtain a physical wither during wet weather. The tigiires 
for a 48 hours wither are quoted above in referenee to such cases. 
Infected teas, — even to tlie p(hnt o\ sourness,— ni a v result unless 
the surface moisture is removed during tht* earl\- sl.igvs of witlua- 
ing. 


The effect of surface moisture is IksI vxamliud hv vnudmiing 
Tables 4 and 5* The tigures given hel<^w' ivpivsvut IvwUvial 
development on the same sample <if wet leaf, one half iK-ing 
allowed to dry, and the lither liall Ixuiig kept in a humid atmos* 
phere. 

Tabue 6. Effect of Surface moisture on bacterial Development 


Duration of witlu’r. 


Baeti ria per gnuii of leaf. 


\\ et leaf allowed 
to dry. 


Deaf k(‘pt W(>t. 


A. start 

•iS.OOO 

a.apHIO 

24 hours 

■200,(10(1 


18 hours 

■110,0(10 

lOjOoiyiOO 

Ik start 

IS, 000 

IS, (KM) 

24 hours 

2,100,000 

Stl.OUOdMK) 

48 liours 

. : i,'i.'>o,0''i) 

57, 011(1, 000 


Normal witliering therefore has little effect on bacterial 
numbers, and even wet leaf may not V)ec'ome seriously infected, 
if the surface moisture is removed quickly. It must f)c |x>iiitcd 
out, however, that evidence exists to suggest that the “virulence 
of certain species of bacteria varies according Pj their conditifais 
of growth, and it is yKJssiblc that a relatively high develo]}ment of 
bacteria during withering can be tolerated although a similar 
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infection picked up in the factory might have an adverse effect on 
the fermenting leaf. 

BACTHRIAI. CHANfiKS DT RIXO ^^AXTTACTt^RK AND FERMENTATION 

Contrary to expectations, it is found that there is only a 
very slight increase in bacterial numbers during fermentation, 
when ^x>nditions are such that bacteria are not introduced from 
outside sources. The following figures were obtained from leaf 
rolled for i hour and fermented for four hours from the end of 
rolling. 


Tablc 7. The incmkase op Bacteria Durino fermentation 



ihictoria |kt grain of 


A. 

ih 

(\ 

4\t (‘Hcl of roll 

400,000 

0.320,000 

400,000 

Formontod 4 hours 

r)r>4.ooo 

3,300,000 

720,000 


Although in most cases a definite increase is recorded, this is 
sufficiently small to be of little practical significance. 

The figures bring out an inijwtant point, nainoly : — given 
clean leaf with a low bacterial count, the development of bacteria 
during a normal fermenting peritxl of four hours is a negligible 
factor. An increase from to 72(.),0(X) per gram is insigni- 

ficant comjxired with the iti crease up to 2<S,ooo,cx)0 per gram 
which, as will lx; sliown later, may arise as a result of casual 
handling of the leaf in a contaminated factory. 

INCRKASE OK BACTERIA ON TKA HOrSE WASTE 

If fermentation is allowed to continue beyond the normal 
time, as is the case with fragments of leaf and expressed juice left 
on floors and machines in the factory, bacterial development in- 
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creases in-rapiditv and witiiin u-.’4 hours, assumes liipli pmixir- 
tions : — 


Tama 8. iNCRtASt of BACTERtA OURtNO EXTENDED FERMENTATION AT 88 F* 


Pacti'ria h<t of loaf. 




A. 



Ih 

Start 


4tHb000 

Start 


2 ostt.uno 

4 hours 


720.000 

liour" 


ig.aiiU.OOU 

8 hours 


10,000,000 

Cl horns 

; 

lO.UOO.OOU 

12 hours 

... 

:U)2,oo(hooo 

0 hours 


2 lO.tM 10.000 

20 hours 


#h •200.000,000 

12 hours 


2.:uKt otio.otto 

24 hours 


10,500.000,000 

24 hours 


11,^00,000.000 

In series B, the increase in 

each sue 

cessix e 

]XTi(Kl (>t ihr 

hours is 







TSt. 3 hours 



times. 


2nd. 

, , 


2.S 

, , 


3rd. 

,, 


2.1.9 

, , 


4 th. 

,, 



, , 


Final 

12 hours 


4 'IS 

, , 


Series A gives similar figures. 

In other words, the bacteria in juice e\|)rvsse<! trtun rollei s 
at the start of manufacture, and those on fragments nf leaf left 
attached to roller caps, ball breakers, etc., may h;ive reaclietl 
their highest state of activit}' Ixdore the end ol the day's manu* 
facture. At this stage the bacteria are doubling their numbers in 
a little over half an hour. The signihcance of this tiiuling will be 
appreciated when the metluxls of bacterial control in lacUa ies are 
brought under discussion. 



SECTION 2 


Thk Case Against Bactkrta 

The methods by which bacteria can affect ferment in leaf 
arc not yet fully understood and much work remains to be done 
in thi^; splierc. The results of infection, however, have been 
broupiht to li^ht, hoih by direct inoculation experiments and by 
instituting^ methods of bacterial control in factories. 

Tt must be understood that it is not vet ]xissiblc to foretell 
accurately the effect of any particular species either in pure cul- 
ture or in the factory, although the i/eueral tendencies are known. 

Bacteria are low forms of plant life consistiiyLi of .sin<^le cells 
averaj^ing inch in leiy^th. Tn common with all 

forms of plant and animal life, tliev secrete enzymes, and their 
life pnx'esscs are carried on tliroiu^h the action of these enzymes. 
Bacteria contain oxidisiiif^ enz vines, similar to those in the tea 
leaf, and also enzymes capable of decomposing nitrogenous 
matter. In the latter case, free ammonia may be produced, or 
odours re.semhling mice, stale fish or meat, sour milk, excreta 
etc., and there is little doubt that these may .sometimes be res- 
|x>nsible for “earthv” “sour or cheesy”, “baky” and other taints 
in tea. 

There arc thus two possible ways in which bacteria can 
affect the quality of fennentin^: leaf, lac. 

(1) Bv the action of enzymes on the tannin in the juice ou 
the surface of rolled leaf. Sui^ars and protein matter may also 
be affected. 

(2) Bv the liberation of ammonia etc., which may affect the 
subsequent fermentation of the tea. 

Since the bacteria to a great extent confine their activities 
to the juice on the surface of the rolled leaf, the maximum effect 
is likely to be found in the tasters five-minute infusion, in which 
much of this juice is dissolved. 
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EXPKRIMKXTS WITH lN\)ClT.ATl<.tX 

The results of experiments nuuic by bacteria U> leaf 

at Tocklai during rolling show that the alxne theories receive 
substantial confirmation in inMctico. The bacteria were isolated 
ill the first instance from fennenting leaf or fr<nn infected resi- 
dues from different factories, and in two eases a strained sus- 
pension of the residues tlieniselves was used. Ti:e nuinlK'rs of 
bacteria used in tliese experiments were comparablv- with the in- 
fection frequently found in fermenting leaf wlw-n manuf.icUire 
is not conducted according to the requirements of bacterial con- 
trol. 

In experiments A, B and C the effeet of baeleria on tlw 
tauniu content of tlie leaf was delenuiiied l)y auahsis of the 
finished tea. 

TABLE 9. The Effect of bacterjal infectjon on the tannin, 

CONTENT OF TEAS 

A. tdiock 1 1.77 tiaitiin 

Inoenliitt'il St/r; 

n. Chork 

IjKx;uJ:it<d r'^rp ,, 

('. (llieck I 7-():^/f, 

Inociiluit'd 

The drop in tannin consequent on l)aclerial infection is 
considerable. A further series of ex|wrinieiits was eonducted 
with different bacteria isolated from fermenting leaf, llie huished 
teas being submitted to a taster for report ; In table K^lhe results 
are given ; — 

table 10. EFFECT OF BACTERIAL INFECTION ON TEAS 

SamiJo, 

T!u 3 toa thoiigli raflK^r lacking In 

(jiiality, 

poor with lUi unnh^im taf^to and ary 
softi;;h. Tho soft and unclean tasty lias deii- 
nitely affected the quality of the teas. 
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Sample. 

1 

j 

1 

Ta.sters Be|>ort. 

t. (Jheck 

... 

The eleanost tea ami is bright, hard and 
; pungent. Infusion bright. 

! Though fuller, is rather soft and a trifle 

sw<*atv. 

IiMXiilated ... 

1 

.1, A. t 'heck ... 

B [i)oeulate<] 

1 

A is preferable to B as it is brisk and 
cli‘an, wliile B tastes rather unclean and ap- 
pears to he a non-keeping type. 

J. (’, Olieck ... 

1). Inoculated 

I 

... i 

i 

1 1). the inoculated .sample is rather soft. 


All the ;tlxj\'c inoculations were nnide with cultures of 
bacteria. In the following experiments, the leaf w.is inoculated 
with infected material from factories, sus|xmded in water and 
liltered thn>UL,di cotton -wool to remove the dirt, while retaining 
the bacteria in suspension. 

Table 1 1 . effect of a mixed Suspension of bacteria on tea 


8uin|)h‘H. TsiSitiTfi HrporK 


5. E. (iit»ek ... 


F. InoculateJ 


E is a cloaniT, brighter tea than F with 
more character. F is a little fuller than E, 
but is soft and tastes unclean. 


ti. (Ihoek 


Bacteria (Inoculated) 


Infusions of all .sets are fair hut a little 
uneven. In cup, the liquor.>!> marked Bacteria 
aro soft with colour, whereas the check 
samjdes have briskness with verj’ good 
strength. 


It must be ]X)inted out that all bacteria ma}* not produce 
these effects, and the study of individual species provides an 
important subject for future consideration. There is also 
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evidence that the activity of bacteria growing naturallv on tea 
juice and leaf in factories is much greater than that of the same 
species when obtained in pure culture. 

It is clear, however, that certain inicro-orgauisnis coniniouly 
found in factories may have a marked deleterious ctYcct on fei- 
menting leaf, and that this clTect ])ersists in the liiuslk'd teas. 

The results of the experiments quotctl aboxe, and of wta k in 
factories, show that the ill edects are mainly in tlie direclam 

(1) Dull infused leaf. 

(2) Soft liquors, 

(3) Taints. 

An interesting jx)int, which was not foreseen, is that an in- 
fected te'^ may throw a more coloury, thou.^li softer, liquor tlian 
one manufactured under clean conditions. When milk is added 
to such liquors however, the colour is usually found to be eolTec 
like, or “grey*’ and “slatey” instead of tlie ])right oran.ee 
pinkish colour of a quality tea. 

A further interesting ixnnt on dull infused leaf was brought 
out in 1931. In the past there has lx*en a tendency to assume 
that dull infused leaf is a sign of o\ er-fermeulatioii. Ily 
careful control of bacterial infection it has been found ]>ossible to 
ferment leaf for 24 hours without the devclo])nient of a dark colour 
oil the leaf. This is not always possible, exce[H at the Ix'ginnin.g 
of the season when bacterial counts and temperatures are Itiw, 
owing to the rapid development of bacteria in tlic leaf itself, but 
by adding to the leaf a chemical which pre\ents bacterial de\ elo]>- 
ment, a bright colour was still obtained at the end of three days 
fermentation. A dull infusion cannot therefore be directly ascrib- 
ed to over-fermentation. 

Tt is interesting to note tliat tlie Ceylon workers rei)orled a 
similar finding at about the same time. 



SEOTION 8 

The Origin of Bacterial Infection in the Factory 

It has now been shown that most tea leaf carries the so- 
called ‘‘Foreign’* bacteria, but that the numbers are low, and 
that unless a high degree of development lias taken place, owing 
to leaf remaining in a wet condition in the withering house, the 
withered leaf should reach the rolling room with a relatively low 
infection. 

It has also been shown that bacterial increase during fer- 
mentation is slight, but that after the first few hours these bac- 
teria multiply rapidly on waste leaf or in expressed juice, and 
that if these bacteria are allowed to reinfect the leaf, dull in- 
fusions and soft liquors may result. 

Bacterial control thus becomes a question of preventing the 
increase of bacteria in waste material, removing the waste 
material as it arises, and as far as possible keeping the leaf out 
of contact with places where bacteria may be dev'eloping. In 
this section the main sources of infection will be indicated. 

A. INFECTION FROM ROLLERS 

Unless continually cleaned, rollers quickly accumulate resi- 
dues of leaf, and bacterial development is rapid. Juice and leaf 
particles collect in the angles of the battens on the cap and in the 
ventilating holes which are provided in some types of pressure 
cap. When the cap is fairly clean, and only a thin laver of 
dried juice is present, bacterial numbers are relatively low, bn^ 
when deposits are heavy and in a moist state, excessi\'e infection 
is frequently found : — 

TASte 1 2. BAtTEftiAi. Infection on Rollea Caps BACTCftiA pea 
Oaam of material 


Light dry deposits. 


Heavy moist deposits. 


140,000,000 

240.000. 000 

282.000. 000 

83.000. 000 

93.000. 000 


1.960.000. 000 

3.910.000. 000 

1.750.000. 000 

2.75.0000. 000 
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Kvcn higher infections may be found in deix^sits from roller 
tables, where the latter are of wood or cement, and arc in a de- 
cayed state. Pockets in the surface of the table tend to collect 
leaf and juice, such material remaining moist. 

Typical figures are : 

TA9Lt 13. bacterial infection ON CEMENT AND WOOD ROLLER TAELt 

1.930.000. 000 bacteria grmn. 

5.200.000. 000 

7.660.000. 000 „ „ 

8.030.000. 000 „ 

B. INKKCTION FROM (;R1':FN-I,F \F SIFTKKS 

Owing to the large surface cxjwscd by the wires of llicsc 
machines, they can contribute a considerable infection to leaf 
passing over them. Typical figures for material left adhering 
to the wires are given iu Table 14 . (All figures for material 
scraped off machines, floors, etc., rcpre.seiit the infection whicli 
may be present if these are not cleaned daily). 

TABLE 14. INFECTION ON GREEN'LEAF SIFTERS 

3.600.000. 000 Bacteria ])er gram of material, 

2.650.000. 000 „ „ 

9.150.000. 000 „ „ 

6.320.000. 000 „ ), 

25,000,000 „ ,» 

Here again the lowest figures are obtained when heavy de- 
posits are not allowed to accumulate, Tlie infection which may 
be transferred to leaf, even at an early stage of manufacture, by 
an uncleaned sifter is shown by the following figures for rolled 
leaf before and after sifting. 

TABLE 15. INFECTION..OF LEAF EY A GREEN-LEAF SiFTER 

Before sifting 30,000 bacteria ])cr gram. 

After sifting 480,000 „ 

These figures represent the first sifting only. Since coarse 
leaf may be passed over the sifter three times, with an increasing 
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infection each time, unless cleaning is adequate a high 'degree of 
infection may eventually by reached. 

C. INKKCTlOX IX LKAK TROLLIKS 

Leaf trollies being constantly brought into contact with ex- 
pressed juice, which is ibsorbed by the wo(xi, would be expected 
to provide an excellent breeding ground for bacteria. Such 
dejH)sits are frequently moist, and bacterial numbers are high 
in consequence. 

TABLE 16. BACTERIAL INFECTION IN WOODEN LEAF TROLLIES 

3.000. 000.000 bacteria j)er gram of material 

1.460.000. 000 „ „ 

080,06y,000 „ „ 

D. IXm-CTlOX ox KOI.UIXC. ROOM HI^OOKS 

Tiic H(X)r i>f the rolling nx3in pro\ ides what is ])robubly the 
most dangerous source of infection in the whole factory. Often 
in poor condition and badiv drained, the is constantly con- 
taminated with juice exjnessed from the rollers Even a floor 
of Indian Patent Stone breeds a high infection by the end of the 
day, unless steps are taken to remove tlie juice as it falls, and 
where the fl(K>r is porous and in poor condition the residues from 
previous niaunfacturcs may transfer a high infection to freshly 
expressed juice. 

P^igures for dirt scrajx’d oil the floor underneath the rollers 

are : 


TABLE 17. bacterial INFECTION ON ROLLING ROOM FLOORS 

1.180.000. 000 Kaotcria |)er gram. 

490.000. 000 

1.660.000. 000 

610.000. 000 

1,480,000,000 „ 

liven when a flour is reasonably well cleaned and bacterial 
numbers thereby reduced, a full infection is likely to develop 
during the day. 
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TAItC IB. DtVILOfWtNT OF BACTERIA ON A ROLUNO ROOM FlOOr 

Before inamifacture 200,()0(\0()0 Imctoria i^er ^;n»n. 

After mftiiufiKture 2,700,<H)0^00(i „ ,, 

The extent to which bacteria can l>o pickcc? up hv leaf 
dropped on to an infected floor covered with juice is well bro\ii;lil 
out by figures obtained at Garden .n . In this case, the leaf 
trollies were of small si/e and coiiscquentlv smue 2 ^% of the leaf 
was dropped on to the floor at the end of the roll. The flrKir was 
of Indian Patent vStonc and in g(X)d condition, hut was ba<ily 
drained, and the expres.sed juice remained on the flexn-. The leaf 
dro])ix?d into this jiiiee immediately ac(|uired an infection of 
2S,4oo,cxxj bacteria per gram. This leaf was Imlked with the 
rest. The infection in the fermenting leaf wa.s ;, 5 <k),(hx) bacteria 
per gram. 

Analysi.s at another garden where less leaf was <lropiH'‘d under 
the rollers in the normal course of niamifactiire ga\e the h>l lowing 
figures : — 


TABLE 19. INFECTION OF LEAF BY ROLUNO ROOM FLOOR 

Fermonting loaf after nornnd Iwmdling hai’leria per gnun. 

,, ,, kept off the floor IflS.OOO ,, 

The jwssibility of such infection will \a!‘\- in dillereiit facto- 
ries since in some ca.ses very little leaf is dropjK'd, while at the 
other extreme, one factory has iKxm visited where the whole roll 
was dropjied directly on to the flix)r. 

]<:. IN^KCTION ON FlvKMI-NTlXt; l-lainUS 
Fermenting floors vary from glazed tiles and glass Ijcds, to 
decayed brick from which the original surface of eeineiit has 
almost completely disap[X‘ared. Gla.ss sheets and tiles, if kept 
clean, may be regarded as practically sterile. The analysers of 
scrapings from many cement fltxms show that the bacterial infec- 
tion is again roughly projxirtional to the amount of dirt present 
and its degree of moistness. GfX)d floors of Patent Stone or cement 
as a rule carry only a thin film of tea juice, and unless the floor 
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is continually washed, this film is dry. Bacterial counts on such 
floors are generally lower than in the hea\ y deposits from decayed 
floors, particularly if the latter are kept wet. 


TASLK 20. PACTIRIAL INnCTlON ON permintino room floor* 
bacteria per Oram of material 



i 

Thin dry deposits. 1 

Heavy moist deposits. 

16,200,000 

3811,000,000 

450,000,000 

1,530,000,000 

80,000,000 

■1,-150,000,000 

36,000.000 

8,400,000,000 

470,000,000 

0,450,000,000 


Damp porous floors appear to support higher numbers of 
bacteria tlian do dry floors. In addition, the former commonly 
become infected with a bacterium which gives a strong “earthy” 
<xlour in pure culture, and there is distinct evidence that this 
organism is res|X)nsible for an “earthy” taint in teas. These 
bacteria iiave been found on a number of occasions in the white 
patches which develop on porous floors during the cold weather. 

On the fermenting floor, two effects may be exixx:ted, one 
caused b}^ the actual entry of the bacteria into the mass of ferment- 
ing leaf, which can only affect tlie lowest ix>rtions of the “bed” 
and which probably takes place when the floor is wet, and the 
other caused by the gases (e.g. ammonia) produced by bacteria 
acting on old or on freshly deposited juice and on the leaf in 
contact with the floor, rising through the whole mass. 

An extreme case of bacterial infection from a fermenting 
floor is found in the following figures from a garden where leaf 
fermented on wire racks was preferred to that fermented on the 
floor. 

Table 21. infection of Leaf on a fermentino Floor 

Leaf fermented on rack 300,000 bacteria per gram. 

Leaf fermented on floor 41,600,000 „ 


Section 4 


I'nl^fcoNTROL OF Bactkriai, Infkctka- 
SOMK RkSI’LTS ORTAlXl'n IN 


IN I' WTdRlKS WITH 

Practici- 


The results of bacterial infection will depend on a ninnber 
of factors, such as the species of bacteria concerned and their 
activity at the time of infection, the number iiUrmhiced, the 
length of time these are allowed to act on the leaf, tlie tein|)cTatnre 
of the leaf, etc. It is therefore |x>ssible for one factory to pnxlnce 
good teas although working under unclean conditions, while 
another factory may have to adopt intensive control measures 
against bacteria if good teas are to be made. 

The maintenance of cleanliness in the past has }>een attempted 
by washing with water, steaming, and by the use of |X‘rmanganatc 
of potash on the fermenting Hoor. Constant washing of the latter 
has also been practised, although evidence now |xiiiits to tlie fact 
that this treatment may fail to have the desired effect. 

The methods put forward by this Department in the last 
three years have been based on an appreciation of tlie factors con- 
cerned ill bacterial de\elopment, and of the [H>ints at whicli infec- 
tion is most likely to occur. The main features of the.se rcvoni' 
meudations are : — 

(1) Introduction of blow lamps for sterilising machinery. 

(2) Recognition of the fact that rolling room fl(H)rs can 
seldom be kept sterile under present conditions. 

(3) Elimination of absorbent wood surfaces. 

(4) Attempts to control bacteria by remov ing their hxxl 
(i,e, dried juice, etc.), and by eliminating excess moisture. 

These methods on the whole have produced successful re.sults, 
although failures have been met in some instance.s, owing to the 
difficulty experienced in cleaning certain types of fermenting 
floors. 
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A. STKRILISATION OF ROLLERS 

Before routine treatment can be taken up it has been found 
necessary to clean away all old deposits from roller caps, tables, 
etc. otherwise subsequent flaming with a blow lamp is not efficient. 
The method of cleaning that so far has been found to be most 
satisfactory in practice, is a thorough brushing with water at the 
end of the da\', followed by flaming with blow lamps before 
manufacture starts next day. The necessity of both cleaning and 
flaming is .shown by the following iigures : 

TABLC 22. OeVELOPMeNT OP BACTERIA ON ROLLER DiRT DURING THE DAY 

iScra|iings befuro uunufucturo starts 000,000 bacteria per gram. 

8crapingr^ at end of manufacturtf a, y.'in, 000,000 ,, , „ 

The leaf particles on which these bacteria are developing 
must be was lied away, but the water left ou the roller cap encour- 
ages bacterial developniciit in the insoluble residues not removed 
by washing. In one sample taken from a roller cap washed at 
night, scrapings taken before flaming next day showed 
3,000,000,000 bacteria per gram of scrapings. Rollers should not 
be flamed when wet, since a layer of steam may be formed between 
the flume and the wet surface, and tliis protects the bacteria from 
the intense heat of tlie flame. 

The use of a large torch simp lilies the process of flaming and 
enables the work to be done more quickly than when the ordinary 
fiinall blow-lamp is used. 

The danger of infection from nncleaned rollers is brought 
out by the following rejxirt from a garden Manager (i). An cx- 
ixiriment was tried in which the rollers were washed once a week, 
cleaning being attempted at the end of each day without using 
water. 

**We gave it a trial for a week or more, tr^flng to clean 

only with blow lamps and keeping everything dry 

After a few da}’s the colour of the infused leaf became 
affected and was a dirty dark brown. After a few days of 



( 23 ) 

this, I waslied down tlioroiighly willi sand and water and 
polished tlie tables up, and the colours came back at 
once.” 

'Hiis is particularly iutercstiu:^ as diavl e\ iilciuv of 

bacteria being instrumental in the pnKhiction of dull iiifu.sui leaf. 

Another Manager (12) states that if he miiits the daily naming 
of rollers and sifters, the infused leaf is ;dways darker and iiqnors 
arc less pungent. 

B. STKRn.TSATlON OK rjO-l'N 1,1' Al- SiKTi-US 

Flaming the wires of kutcha sifters was adopted in ni V) and 
has proved satisfactory in practice. Tlie nicthiKl n<nv used is to 
brush the sifters with water at the end ijf the day, naming thorn 
thoroughly before commencing maiuifaclnre next iiiorniiig. Ih iisli- 
ing alone detaches the large pieces <if leaf from the wires, Imt the 
machine soon becomes clogged witli a ’’fur” of small particles 
and dried juice. Flaming, apart from destroying the bacleria, 
causes this fur to char and shrink, when it is easily removed with 
a dry brush. 


One Manager (3) reported a complete alteration in the 
diameter of his teas tocoloury pungent liquors willi briglit infused 
leaf, when the naming of rollers and sifters was adojited, togcllier 
with keeping the factory floors dry. 

Corresponding invoices for 1930 and 193 
bacterial control, were reported on as folhjws : — 
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In many cases where flaming has been adopted, itds not pos- 
sible to ascribe the improvement in the teas to this treatment alone, 
since other metlnxls of bacterial control have Ix^en adopted at the 
same time. 


C. M-AK TKCiIXlI-S 

At first, attempts were made at keepinj^ leaf trollies clean by 
scrubbing with K.C. solution. It was found that new trollies, well 
made, could be cleaned in this way but that they became fully coat* 
ed with Juice after one day's manufacture. Old trollies cxnild not 
be dealt with. To avoid the rapid accumulation of juice and to 
simplify cleaning and sterilisation, metal linings were subsc* 
cpientlv recommended, and these have been widely adupled. 
Such trollies are kept clean with the miniiimni of trouble; simple 
washing at niglU, and if jxissihle, at intervals during the dav, and 
tlaniiiig Ix^fore the start of manufacture is sullicient. No deiinite 
re\>orts ou the results of installing metal linings have been re- 
ceived, since in nearly all cases this provision was adapted with 
(jther methods of bacterial control. 

l>. KI.UOKS OV KOI. UNO KOOMS 

Investigations made o\'er a considerable period have shown 
that the rolling rcxmi ihxjr can only Ix^ ke])t free from dangerous 
infection under two conditions, viz. 

(1) If no juice is dropped on to the door. 

(2) If the juice is completely removed as soon as it falls 

on to the door . 

Owing to the rapid de\elopmeut of bacteria in tea juice, a 
heavy infection may (xcur even on a tiled door by the end of the 
day, if the expressed juice is allowed to remain on the door. 

A comparative effect is seen in figures from garden 27, 
where the expressed juice w as allowed to run through clotli sus- 
pended ou ware racks, the leaf remaining on the cloth. Although 
this cloth was sterile at the start of manufacture, subsequently 
bacterial development tvas rapid. After nine hours manufac- 
ture» fine leaf freshly dropped on to this cloth was found to have 
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acquired a'bacterinl count of ii.fWiaMvi Kicteria jier qrani 
throtiRh contact with infected juice, althou.uh the leaf only re- 
mained on the cloth for a few niinnlcs. T!ie .ner.iye infection 
on the main bulk of leaf wa.s only yS.yix. bacteria ;.cr yrain, so 
that the infection picked np from the cloth ainoniued to 
ii,54<\(xx) bacteria per ^urniii of leaf. 

To render pos.^Jible the removal of juice as it falls, a special 
construction of tlic floor midcr tlie rollers is re(]uire<l. A satis- 
factory desijvn is already found in a few factories, and eon.sisls 
of a fairly steep slope of the floor from front t<t rear, into a drain 
situated behind the maclnues. seen re this u fleet , the rollers 
may either be mounted oti a steeply cambered floor, or individual 
pits may be provided for each roller. 

If tlie juice is washed ofl' this sIoj)c* as it f ;}]s, or at least 
every half hour, a low deyree of bacterial develc!]uueut may be 
expected. The function of the slope is to prevent juice and 
water from flowuny out iii front of the machines when tlie floor 
is wa.shed. 

Fij^iircs obtained in practice for leaf allowed to fall on to the 
floor uiidemeath the rollers are : 

TABLe 33- tNFBCTION OF lEAF 8V ROLLING ROOM FLOOR 

laidrainod ... toO.OflO Ivu’lcria pr ;^raiii of 

Hrainn-I floor ... ) 1.700.00(1 .. 

fre<^(iiontlv wash^*d ... j 1,'VIO.OOO 

With a correct dcsii^n of floor and constant washing, the 
.surface can he kept relativelv clean and free from bacteria, but 
u herc the.se facilities do not exist, leaf must be ke))t off the flo<»r. 
Tn cases of serious infection, it has Ixvn found necessary to dis- 
card all leaf which falls on to the rolling ro<nn floor wUeiever 
juice has collected. 

A major fault in factory prfK'cdnre lias been revealed b\ 
this work, viz,, the bnlkini^ of withered leaf on the fl<xjr in front 
of the rollers. Observation has shown that when the fl^x>r is 
contaminated with juice, such leaf frequently develops an un- 
pleasant odour, presumably owing to bacterial infection. 
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Withered leaf should be bulked on a wooden platfortn or a tar 
pauHn, or loaded direct into the rollers. In any case it should 
be kept off the fl<x>r. 

The following figures from a group of four gardens are 
interesting. Garden A was working with a well drained rolling 
nx)ni flooi, all juice being washed away as it fell. Gardens B, 
C and D had undrained flcxws and large amounts of leaf were 
dropped into the juice which flowed over the floor. The final 
infection in fern leii ting leaf from the different gardens was : — 

table 24. tNECCTlON Of LEAP PROM ROLLINO .ROOM .FLOOR 

Ganlon A (fliior ... i;^8,000 hact^ria [ht gram. 

M B fflonr iin«lrahi<r<l) ... 7»0I0/)<J0 ,, 

„ „ ... .5,000,000 

„ I) „ ... 28,^;0o,000 

RKSn.TS l>BT.\]XV:i) TX PR.\CT1CK 

Garden 5 was accustomed to making teas with a rather dull 
infu.sed leaf, and liquors soiuewhai lacking in jningency. Test 
fermentations were made on glass sheets and showed a slight 
improvement. The rolling room fl(X)r, although of Indian 
Patent vStone, was thickly coated with old juice residues and 
was considered to lx: the source of infection, since juice from the 
rollers flowed in front of the machines, towards the onlv drain. 
The rolling ft(x)r was subsequently kept very clean and all leaf 
falling into juice was di.’^carded. Sifters and rollers w^ere 
flamed each day, and leaf trollies were metal-lined as an 
additional precaution. 

The Manager later re[x>rted that infused leaf was brighter 
and liquors more pungent than had been the case for some 
years. 

Garden 6 had an undrained rolling room floor, and the 
whole floor was kept wet by .sprtiving water into the air for 
cooling purposes. Infused leaf was always dark and liquors 
tended to be plain. 
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A drain was cut behind the rollers, for the removal of 
water after washing the machines. Fl<x>rs were kept as dry as 
possible, and leaf falling on to the flmr was discarded. An 
immediate improvement in infused leaf and liquors was noted. 
Corresponding invokes for 1930, and for 1931 after bacterial 
control had been introduced were reported on as folloxs s 

IIHU 
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Liquors. Aro a little light in Strong an<l oolonrv with 

description and .are jKiint and juiugoncv. 

rather plain in enp 
lacking point and 
briskness. 

Infused Is greenish and nther llriglit and i‘V»‘n. 

loaf. dark in colour, 

A report by the Manager of this garden is given in Section 
5. Garden 7 was reported to be making “sourish” teas. T.caf 
was fermented on tiles, but an infection fnaii tlic rolling i7>oin 
floor was diagnosed. Since control measures were instituted, 
no complaint of sourness lias been received, and tlic Manager 
stated that infusions were brighter in lined lately after the 
change. 

Garden 8 was in the liabit of bulking witliered leaf on the 
rolling room floor, which was badlv drained, and coxered with 
juice. Leaf was also dropped on to the floor during subsequent 
stages of manufacture. Wlicn the.se practices had been stopped 
the Manager wrote: “Since your visit 1 ha\e been keeping my 
rolling floor dry, and anvhow have kept the kutclia leaf off the 
floor. My infused leaf is a better colour and liquors arc brisker, 
and this has been borne out by my brokers reports.” 

E. CONTROL OF INFECTION IN THK FKRMKNTING ROOM 

The cleaning of fermenting floors in tlie pa.st has usually 
been attempted by scrubbing with water or with a very dilute 
solution of permanganate of pota.sh. Steaming 1 ms .sometimes 
been adopted for sterilising purposes. 
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When the first experiments were made at steril!55ing floors 
it was found that even concentrated solutions of pcnnanpranate 
of pf>tash had a \erv incomplete effect on the bacteria. When 
usin)> a solution contain inj.^ one ounce ]:)ermanganate of potasli 
[KT gallon added to scrapings from a fermenting floor the follow- 
ing figures were obtained. 

TABLE 25 Sterilisation by permanoanate of potash 

( 'onOol ... ... 740 , 00 f ),()00 hactiTia |mt nrnin. 

i’cntKiii^^aimtn solution al- 

lovvod to sR't for rniiiuli'S. J !t2,0tt0,000 ,, 

.'10 ininuti'?? lt)0,000,(^00 ,, 

The pink solution used in factories has a concentration of 
about one-Iiundrcdth of that used abo\c. It is therefore doubt- 
ful if the treatment is much more efTecti\e than .scrubbing with 
plain water, 

Many anti.septics could not be used on account of their 
odour, and as a strong oxidising agent, Klectrolytic Chlorine 
was adopted, since this has the advantage tliat tlie free chlorine 
is destroyed by organic matter. E.C. was found capable of 
completely destroying bacteria in pure culture. P'or spore- 
forming bacteria its use at a temperature of i.prp. was required 
When the solution was used in the factory, howe\er, it was 
found that the oxidising power of tlie free chlorine was dc.stroycvl 
bv the dirt present, bchme the hactcT^ia had been killed. It 
was thus realised as carlv as 1930, that P^.C. could not be re- 
garded as a true sterilising agent, unle.ss the surfaces to be 
treated were completelv free from organic matter, but its power 
of decom|'>o.sing organic matter rendered this reagent of great 
use in assisting the cleaning of a floor. 

It is proposed to deal with the P.C. treatment for fennctit- 
ing floors in a separate pamphlet since the subject is compli- 
cated. E.C. when correctly applied has gi\en satisfactory 
results in a number of gardens, and it is still being used. 
Failures have arisen, which can be ascribed to : 

(i) The use of E.C. on a ix)rous or decayed floor which 
cannot be satisfactorily cleaned. 



( 29 ) 

(s)* The use of T.C. :is a wash without atleiujUiiitt to 
clean the fltxir. 

(3) Failure to wash the rt<x)r after treatuient. 

These errors all arise from the faulty assumiJtioii that K.C. 
is used as a sterilisiu-: ai^ent. whereas the <>riuina] intentum 
whicli gave rise to its iiitnxinction for favtory work was that it 
should assist the piXK'ess of cleaning the dirt i I'f the thxu-. its 
sterilising action is not exerted as long as an\ organic mailer 
remains. 

WKT Kl-KMl'NTlNi: KI.^hjKS 

The constant washing of fenneiiting (hx^rs lias Ix-en dis- 
couraged since work on bacterial control was taken n]>, as the 
result of experiments. Figures gi\en on ])age 21 show that a 
higher degree of infection is found in midst deposits than in 
dry. When moist deposits are allowed to accumulate, uin 
pleasant odours frequently appear, but these cKlours are due 
to the products of bacterial action, and nut to the bacteria iheni' 
selves. Thus lactic acid and similar organic acids may give 
rise to a sour or “cheesy” smell; aniniuiiia and various amines 
may produce stable -1 ike or “hsh\” ochmis. These suhslances 
are usually soluble in water, and in conse(|iiencc washing ma}’ 
remove the odour tcuqxn'arily , but unless the lloor is tliorimghl\’ 
cleaned at tlie same time, the bacteria will remain ami will lx* 
stimulated to further acti\ity by the moist me supplietl. 

Cleaning with sand and water, with K.C. where tlie state 
of the floor allows this reagent to lx used successfully, is 
therefore advised, to remove tlie de])osits of juice on which the 
bacteria are developing, the iloor subsequently Ixing kept dry 
to inhibit further bacterial development on freshly de|>osited 
juice. This system has given gtxxl results in a nuinlxr of 
gardens. 

The Superintendent of a group of gardens (13) reported 
that when leaf was fermented on a wet floor, the leaf in contact 
with the floor always gave a softer liquor than that forming the 
upper half of the bed. 
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On Garden 20, leaf was fermented on wet and dry floors. 
The samples from the dry floor gave brighter infused leaf and 
brisker liquors. 

The Manager of Garden 8 reports “Last year I found that 
we got a great improvement in infused colour when fermenting 
on a dry floor — also a great decrease in the smell of ammonia”. 
In this case flaming of the green leaf sifters was adopted at the 
same time, and some of the improvement may have been due 
to this. 

Teas fermented on a dry floor are not always preferred to 
those from a wet surface, and it api)ears that a temperature factor 
may be involved, the wet floor being cooler than the dry, so that 
if a definitely harmful bacterium is not present on the floor, wet 
conditions may be satisfactory. This of course is a matter for 
individual experiment. 

HIIMIDIVIKRS AND WATKR SrpPIJKS 

Humidifiers correctly installed and worked should not deposit 
water on the floor. In low, badly ventilated rooms, deposition may 
occur, esj^ecially if the humidifiers are worked continuously in a 
naturallv cool room where very little moisture is necessary to 
saturate the air. This introduces the effect of wet fermeuting 
fltx)rs dealt with in the last paragraphs. Gardens 21 and 22 re* 
ported that teas were improved when the use of humidifiers was 
discontinued. Garden 23 alsostop|>cd the use of humidifiers when 
it was found that leaf in contact with water on the floor gave a 
dull infusion. 

These findings should not be taken to indicate that a cool, 
humid atmosphere in the fermenting room is not considered de- 
sirable, but that if these conditions can only be secured at the 
expense of a wet feriuentiiig floor, the effect of the increased 
bacterial activity on the floor may more than outweigh the benefit 
of a humid atmosphere. 

A secondary effect is introduced when the water supply is 
highly infected with bacteria. Most supplies in the plains are 
surface waters and high infections are often found. The first 
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case investigated was that of Garden ’4 \\ here the leal fermenting 
underneath the huniidiliers deveioix'd a higldy uni)leasaiit smell, 
comparable to a "baky” taint. The water supiily was fmmd to 
be highly infected with bacteria, np to nq.en^i ixt ce, Ixing 
recorded. 

The origin of the infection \\;is aiipareiitly ,sccp.i,k;c thron-!i 
the walls of shallow wells. When this factor hail Ik.vu cliniinatcii 
and precautions were taken to exciiule hjrcign mailer from the 
wells, the bacterial count fell to .jix) |x*r cc. and the taint has not 
occurred since. 

Two further instances of infected water supplies ni.i\ Ik- 
given. At Garden 25, a general bacterial uifcvlmn was lirsi 
brought under control, attention being subsequent Iv direelvd to- 
wards the water supply. Tiiis consisted of a .pj ft. IuIk- well 
which was evidently tapping an underground channel of polluted 
water. Counts np to 41x1 , uckj bacteria [ler cc. were obtained. 

A taster reports “Up to and including last sea.^oii (garden 
25) teas always had dull poor infusions and the liquors had .1 
rank sourish taste. Last year measures were taken to control the 
bacteria and the tea improved considerably, though the infusions 
were still dull and the liquors .sourish. . . . This year, water 
for use in the factory is taken from a dilfercut soiinc, bacterial 
control is still in force and the infusions tins year aie bright 
and the liquors are piiugeiit with im truce of sourness’', 

Garden 26 provided a similar ca.se and tlie same precautions 
eliminated the sourness and luiproved the teas. 

These instances are sufficient to show that an infected wak-i' 
supply may be an important factor in preventing the ]n'oduclion 
of good teas. A new line of work has thus Ix-cn opened uj). W ater 
samples have been examined with infections ranging from a tew 
hundred to more than two million bacteria per cc, and the clearness 
of the sample is no criteriou of its purity. 

KERMENTATION OUT OF CONTACT WJTli THE FLOUR 

It has now been shown that infections on the fermenting lloor 
can seriously affect the teas but can be controlled to .some extent 
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by removing the film of tea juice which accumulates rapidly, and 
by maintaining dry conditions. E.C. has proved of value in 
assisting the cleaning of floors in many cases, but the treatment 
requires careful supervision, and certain types of floor will not 
iesix)nd to any cleaning process. The failure of the E.C. treat- 
ment wlien applied to decayed floors has unfortunately led to a 
general abandonment of this method, even for good floors, and 
a simple and effective way of cleaning floors in good condition 
is hence being disregarded. 

Relaying of an infected th^nr i.s no guarantee that a noii- 
porous surface will lx* obtained, unless the work is done by exixrts. 
A |K>rous floor may Ixconic fully infected in the first season. A 
logical development is therefore fermentation out of contact with 
the fl(x>r. 

Early in 1930 the use of metal sheets was advised fortesting 
the cfTcct of the fennentiiig flix)r on teas, leaf s])read on the sheets 
being compared with similar loaf spread on the floor. As a further 
development, wire racks covered with clean cloth were advised. 
Rack fermentation is nut a new system, but has recently been 
adopted by a number of gardens which formerly fermented on 
the floor. Where the flo(>r is infected and cannot be cleaned, 
fermentation on racks or metal sheets has frequently given 
brighter infused leaf and stronger liquors. 

The following are instances. 

Giirden J7. London Broker’s re port. 

A. Leaf fermented oil racks. 

B. Leaf fermented on the floor. 

“Dry leaf : There is nothing to choose in make of leaf 
between the two sets.” 

“Liquors : We give decided preference to A. They are 
thicker, have better quality, and are brisker 
than B.” 

“Infused leaf. A is brighter and more even than B.“ 
Vuluutious (London). B.O.P. B.P. 

A, (racks) 1/5 

A. (floor) .„ i / 2>4 



Gntdcn 21, (.oUuttii Byok2y\< Tcpovt, 

C. on riK'ks 

D. on floor. 

As regards dr\ tlicrc is liitic to oinx^so Ix'iwcon the 
nppearances of either set/' 

“The infused leaf of C set ho\vc\cr, is prcfcralfle Kan- 
brighter in colour, and in euj> \vc also give disluicl prehieiue 
to the C samples which were fennented on wire racks, This 
set throws brighter liquors, and are more pungent in character 
than tlin.se of D samples.” 

Garden 2S. CaUuttn Broker's report, 

A fernieiUed on /.ine sheet.s. 

B fenuciUed on floor. 

“With reference to the samples Miami factured on the 
2rst. June, 1931 wc certainly prefer the licpinr of ilu‘ A, It 
is though liglit, fairly sweet. Tlie Ii(pior of tlie 1> is ]»iainish.” 
(harden ij. C a lent in Bn^lu'r's re purl. 

Samples A. fermented on thior. 

Sam]>les B. fermented on galvanised iron 
sheets. The leaf was imt 
allowed to touch the flfxu* it aus’ 
stage of manufacture. 

“On the infused leal tliere is notlnn.g tt) clioose between tli(‘ 
two sets. In cup howc\er, B arc distinctly preferable as regards 
strength and quality.” 

Garden Tlie Mana.ger writes “Rack fermenting 

adopted this >season (1932} lias already proied of great Ix'iiefil to 
quality”. This garden was visited In' tlie Bacteriologist wlu) was 
informed by the Manager that tlic adoption of rack fermentation 
had been accompanied by brighter infused leaf than had been 
seen for a number of years, and the disap])caranoc from tlie 
liquors of a soft character wdiich liad been continually rejxirled 
in previous seasons. The use of kv.C. in iQ.ti had improved 
the infused leaf colour and the liquors but tlic fl<x)r could not be 
kept clean, and rack fermentation was finally adopted. 
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When using wire racks for fermentation, unsatisfactory re- 
sults are sometimes obtained through overheating of the leaf. If 
the wire is allowed to sag, an excess! \'e thickness of spread may 
occur in the centre of tlie rack, and this is undoubtedly a contri- 
butory factor. The chief mistake however, is that of piling the 
racks on top of each other. With a thin spread of leaf, very little 
rise in tem|XTature occurs, but a thick spread on racks placed 
do.sc together has resulted on occasion in a temperature differ- 
ence of 5"^}' between top and ix>ttom trays. 

This practice i.s quite unnecessary. If the floor space is 
sufficient for the leaf when spread on the floor, it will be almost 
suiflcient for the same surtace area of racks placed side by side, 
and there is no reason why racks should be ])iled up four deep, 
leaving a large portion of the fiwr space uiUKCupicd. 

The methods outlined above for avoiding bacterial infection 
in factories liav^e proved workable in practice, and have given 
satisfactory results when closely followed, in cases wlicre a bac- 
terial factor was concerned. 

The increase in infection throughout manufacture was 
determined in one factory where these mctliods had been adopted. 
The following figures were obtained : — 


Stjigf' of niun!ifiu;tnro. 

Tlaotoria gram of 1(»af. 

AVithorodloiif 

40,000 

Aftor first roll ... 

34.000 

(Aifirso loiif uPtor first sifting... 

40,000 

.■\ftor s50(’on<l roll 

lit), 000 

(tosirso lo:if after stu'oud sifting 

16fi,000 

After thinl Toll ... 

.. t 180,000 

loaf afu^r third sifting 

184,000 

Formonting loaf ^ hour hoforo firing 

102,000 


The only stage at which infection is still occurring is during 
the second roll and sifting, probably owing to some residual con- 
tamination with expressed juice. The slight increase in bac- 
terial numbers at other stages may be attributed to normal bac- 
terial development. 
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Further Resuus oe Bactv.ri.m. Contrch. Practicv 

In the final section of this memorandum, further iustauoes 
of the results of bacterial control methods in factories are 
and fuller reports on certain cases, which Iiave already l>oen re- 
ferred to, are included. 

The undermentioned Tasters reports liavc Ix^cn received in 
respect of gardens where control iiiet.hcxls liave Ixxm practised, 

Garden 17. “Bacterial control has considerably impnned 
the teas on this garden. At tlie heginiiing of last season, the 
teas suddenly became dull. pix>r soft tyes, witli dull black in- 
fusions. This was found to be cntirelv due to the jxxir con- 
dition on the fermenting room floor. For some time after this. 
Garden 17 fermented on corrugated iron sheets, but it was found 
that after these had been used a month <ir so the galvanising 
wore off and the standard of the teas went back. Wire ferment- 
ing racks were then constructed and have been used ever since 
with good results.” 

Garden 31. “(Garden 31) is a ca.'^e in ix>int wlicre a definite 
improvement was noticed when fermentation was carried out on 
^inc sheets in.stead of on the floor,” 

Garden 33. “(Garden 33) is another garden where in- 
fusions and liquors have improved out of all knowledge due 
entirely to bacterial control. Bacterial control was in force last 
year, but the floors throughout were so had that it was impossible 
to obtain completely sterile conditions, last cold weather Ibe 
floors were relayed and an immediate improvement was notice- 
able.” 

A taster reports ; — “A decided improvement has taken 
place on our Cachar and Sylhet gardens by introducing bacterial 
control. The liquors from all our gardens ha\e, I con.sider, be- 
come brighter and more pungent since they have worked under 
sterile conditions." 
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The following opinion of a taster on the effect of bacteria on 
tea is of interest : — 

'Tn your letter of the 23rd June you ask whether I consider 
that bacteria can definitely he held responsible for dull infused 
leaf and soft liquors. In niy opinion there is no doubt that this 
is so. 

“A bacterial ly infected tea is, I think, easier to detect 
when ta.sting with milk tlian without. Such teas frequently 
have the effect of turn in the milk sourish, when if no milk had 
been added, the same tea might have been called ‘a little soft’. 
(Note tills softness differ.s from that caused by stewing). Further, 
the bulked tea takes up a dull to grey slatey colour {with milk) 
according to the extent of the infection. The large blenders at 
home neglect grev or slatev teas.” 

“Again a bactcrially infected tea may ha\c no objectionable 
character, but may taste ‘meaty’ nr full, without point or bri.sk- 
ness ; this ‘meaty’ character is not a true tea characteristic.” 

“A point of interest is that teas made under sterile condi- 
tions often look thinner than before such conditions were intro- 
duced but arc almost in\’ariably tliicker on the palate.” 

“Where fermenting floors have been bad we have ex pen 
mented in fermenting alternate gunnies on zinc sheets and tasted 
them against those fermented on the fl<w. Where the floor was 
found to be baeterially infected, the teas fermented on zinc sheets 
were invariably the better, being brighter and possessing more 
thickness on the palate, i.r., as opposed to thick to look at.” 

Re|)ort from an Agency Hou.se. 

“As yon know, we have tried out your recommendations 
in regard to sterilisation of Factories on a comparatively speak- 
ing large scale, and 1 am glad to be able to state that in all cases 
^ve liUN’c found that good results were obtained immediately after 
sterilisation of fermenting and rolling room flcK)rs had been 
carried out, as also proper cleaning of machines, and there seems 
to be little doubt at the nionient that bacteria have in the past 
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been responsible for a great deal of the |XK)r tea. which has Ix-cii 
put on the market.’' 

The Manager of Garden b \vi\»te : — 

“When all the recoiuiiicudations had Ix'eu earned <ml the 
results obtained were remarkable. Tlie infused leaf, csjxvially 
in the second flush teas, is better than 1 ever ienieiul)er seeing un 
tins garden. Liquors also show a vast iinpro\eineiU both in 
qualiU' and pungency, and I am vei v glad to say that they still 
continue to improve. It was demonstrated what a great dilTei’ 
el ice takes place in leaf that has passed lli rough a greeiideaf sifter 
that has not been thoroughly cleaned. Ihanidcd that we can 
continue to pluck good leaf, and keep the factory under the same 
conditions of cleanliness during the .sea.soii, I lia\e great lioj>es 
of making teas fifty per cent, better that tlio.se made last yeai . " 

Kxtract of letter from Manager, Garden 39. 

“Judging from Brokers reports a stewy cliaracter whicli 
was referred to several times has, since your instructions were 
adopted, not been referred to at all. I am of the opinion that 
there has been an improvement in my tuas." 

Ill addition to tlie cases quotetl alxiw and at inler\als 
throughout this report a considerable amount of \ ei'hal e\ ideilce 
has been received pointing to the fact that tca.s made undei" condi- 
tions of strict cleanliness tend to show brighter infused leaf and 
brisker liquors than those subjected to bacte rial inJeUiou, 




